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(54) Polyester resin and its production process 

(57) The present invention relates to a polyester res- 
in produced by polymerizing a dicarboxylic acid compo- 
nent comprising mainly an aromatic dicarboxylic acid or 
its ester forming derivative, and a diol component com- 
prising mainly ethylene glycol in the presence of a cat- 
alyst containing a titanium compound, which polyester 



resin contains titanium atoms (Ti) in an amount of 0.002 
to 1 .0 mole based on one ton of the polyester resin and 
has the following properties: 

Intrinsic viscosity {[t|], dl/g) ^ 0.70 

Hunter's "b" value < 4 

Acetaldehyde content (AAgt Ppm) ^5.0 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to polyester resins, such as polyethylene terephthalate, which are widely used 
for various types of packaging containers, films, fibers or the like. More partcularly, it relates to polyester resins pro- 
duced by using inexpensive and environmentally safe titanium as a component of the polycondensation catalyst, said 
resins having an excellent color tone and melting heat stability, forming few by-products in their production, excellent 
transparency and especially suited for molding bottles and the like. 

10 [0002] Polyester resins such as polyethylene terephthalate are excellent in many properties such as mechanteal 
strength, chemteal stability, gas barrier properties and hygienk: qualities and are also light in weight, so that they are 
popularly used for various kinds of packaging containers, films, fibers, etc. 

[0003] Such polyester resins have been produced mostly by using an antimony compound as polycondensation 
catalyst. . 

15 [0004] However, the polyester resins polymerized by using an antimony compound as polycondensation catalyst, 
when for instance molded into a container lor a drink or food and put to practical use as such, have a probability that 
antimony remaining in the resin rhighi be eluied out from the container when placed under a high temperature and 
transfer, If small in quantity, into the drink or food in the container. Use of antimony, which is a heavy metai, also poses 
the problem of. environmental pollution. Thus, use of very scanty amount of antimony compound even though using 

so thereof for the production of polyester resins or preferably use of a more safe metal as catalyst (antimony-free catalyst) 
for the production of polyester resins has been desired. The obtained molded containers cannot necessarily show a 
sufficient transparency and, therefore, frequently failed to meet the requirements of the market. 
[0005] Polyester resins polymerized by using a germanium compound instead of an antimony-containing catalyst 
arc also known. Germanium compounds, however, arc very expensive because of scanty reserves, so that the devoi- 
rs opment of a catalyst that can substitute for such costly compounds has been required. When such a polyester is blow- 
molded, a blowing mold used therefor tends to be contaminated, so that the obtained molded containers are deterio- 
rated in surface smoothness and transparency. In addition, there also arises such a problem that the yield of these 
containers is considerably deteriorated due to necessity of additional steps for cleaning the contaminated mold. 
[0006] On the other hand, it is considered that the mold contamination is caused by the transfer of by-products such 

30 as cyclotrimethylene terephthalate (cyclk: trimer) whk:h are produced upon forming a prefomn by Injection-molding the 
resin and contained in the molded preform, onto the surface of the blowing mold when subjecting the cyclic trinner or 
the like to stretch blow molding. Consequently, for the purpose of inhibiting the generation of such by-products upon 
fomning the preform by injection-moWing method, for example in Japanese Patent Publication (KOKOKU) No. 7-3751S 
(1995), there has been proposed the method of deactivating a catalyst contained in the resin by contacting the poly- 

35 condensed resin with hot water heated to a temperature of 50 to 100'C. However, as a result of the present inventors' 
studies, it has been found that the step of contacting the polycondensed resin with hot water is required thereby in- 
creasing the production cost of polyester, and molded products obtained by the above conventional method exhibit a 
considerably poor transparency. Further, it is suggested that the poor transparency of the molded products is caused 
by not the above-described mold contamination but deterioration in quality of the resin itself. 

40 [0007] various types of polyester resins polymerized by using an inexpensive and safe titanium compound have also 
been proposed. The titanium catalyst can be used in a small amount as compared to antimony and gemnaniumcatalysts 
due to its high catalytic activity, and is free from problems concerning safety unlike the antimony catalyst, and inex- 
pensive as compared to the germanium catalyst. Therefore, it is considered industrially valuable to study and develop 
a polyester resin produced by processes using these titanium catalysts. However, polyester resins obtained by the 

45 polymerization using such titanium catalysts exhibit a yellowish color, and are deteriorated in thermal stability since 
these resins undergoes a significant discoloration after heating. 

[0008] In Japanese Patent Application Laid-Open (KOKAI) No. 8-73581 (EP-A-0699700), an antimony-free, colorless 
high-transparency polyester produced by using specified amounts of a complex forming agent and a titaniumcompound 
has been proposed. According to the follow-up tests conducted by the present inventors, however, it was found that 

so the polyester resin obtained by the method described in the above patent contained large quantities of such by-products 
as acetaldehyde and cyclic trimers, and had the problem that, when molded into a food container such as a bottle, the 
obtained bottle might affect tho savor of tho content, or the mold used for bottle molding could bo excessively stained. 
Further, in the process according to the above reference, cobalt which is a heavy metal and used as bluish agent is 
used in order to improve the color tone. However, in view of environmentally safe, it is desired that cobalt which is a 

55 heavy metal is not used. 

[0009] As a result of the present inventors* earnest studies to solve the above problem, it has been found that by 
using environmentally safe and inexpensive titanium as a polycondensation catalyst constituent and by selecting the 
optimal catalyst components and amount thereof and polycondensation conditions, the above problem can be solved. 
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[0010] The present invention has been attained on the basis of the above finding. 
SUMMARY OF THE INVENTION 

5 [0011] The object of the present Invention is to provide a polyester resin in which titanium with high environmental 
safety is used as a component of the polycondensation catalyst, the resin shows excellent color tone and melting heat 
stability and fonms few by-products such as acetaldehyde and cyclic trimers in the course of its production, and that 
therefore when the resin is molded into a food container such as a bottle, the produced bottle won't affect the savor of 
its content, and the mold used for bottle molding is scarcely stained. 

10 [001 2] To attain the above aim , in the first aspect of the present invention , there is provided a polyester resin produced 
by polymerizing a dicarboxylic acid component comprising mainly an aromatic dicarboxyllc acid or its ester forming 
derivative, and a diol component comprising nnalnly ethylene glycol In the presence of a catalyst containing a titanium 
compound, which polyester resin contains titanium atoms (Ti) In an amount of 0.002 to 1 .0 mole based on one ton of 
the polyester resin and has the following properties: 

IS 

Intrinsic viscosity ([ii], dl/g) > 0.70 

Hunter's "b" value < 4 

Acetaldehyde content (AAq, ppm) s 5.0 

20 [0013] In the second aspect of the present invention, there is provided a polyester hollow container molded bY using 
a polyester resin according to the first aspect. 

[0014] In the third aspect of the present invention, there is provided a process for producing a polyester resin which 
comprises polymerizing a dicarboxylic acid component comprising mainly an aromatic dicarboxylic acid and a diol 
component comprising mainly ethylene glycol In the prGsonco of a catalyst containing (1 ) a titanium compound, (2) a 
25 phosphorus compound and (3) at least one compound selected from compounds of ta>Group metals except for hydro- 
gen, lla-Group metal compounds and manganese compounds, said compounds (1) to (3) being added to the reaction 
system in the order of (2), (3) and (1). 

BREiF DESCRIPTION OF THE DRAWINGS 

30 

[0015] FIG. 1 is a plan of the stepped molded plate used in the Exarnples. 
[0016] FIG. 2 is a front view of the stepped molded plate of FIG. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

35 

[0017] The present invention is described in detail below. 

[0018] The polyester resin of the present invention can be produced by first preparing a slurry of an aromatic dicar- 
boxylic acid or its ester f omiing derivative component and a diol component, subjecting this slurry to direct esterif ication 
or transesterification to obtain a low-molecular weight polyester, polycondensing this low-molecular weight polyester 

.40 by subjecting it to melt polymerization in the presence of a catalyst containing a titanium confipound. and if necessary 
further subjecting the polycondensate to solid phase polymerization, fundamentally all according to the conventional 
methods. The polyester resin of the present invention contains a titanium compound used as a potynfterization-catalyst 
and a metal component originating in the optionally used co-catalyst or promoter and has the prescribed property 
values which are provided by controlling the amount or addition method of the metal component used and the polym- 

45 erizatlon reaction conditions. 

[0019] The polyester resin according to the present invention is produced from the aromatic dicarboxylic acid or Its 
ester forming derivative which is the main constituent of the dicarboxylic acid moiety and ethylene glycol which is the 
main constituent of the diol moiety. 

[0020] As the aromatic dicarboxylic acid or its ester fomning derivative, there can be used, for example, such aromatic 
50 dicarboxylic acids as terephthalic acid, phthalic acid, isophthalic acid, dibromoisophthalic acid, sodium sulfoisophtha- 
late, phenylenedioxydicarboxylic acid, 4,4*-diphenyldicarboxylic acid, 4,4'-diphenyletherdicarboxytic acid. 4,4*-diphe- 
nylkctoncdicarboxylic acid, 4.4'-diphcnoxyothancdicarboxylic acid, 4,4'-diphenylsutfoncdicarboxylic acid, 2,6-naphtha- 
lenedicarboxylic acid, and their lower alkyi esters ("lower* means having about 1 to 4 carbon atoms in the molecule), 
for example, dimethyl terephthalate and 2,6-naphthalenedicarboxylic acid dimethyl esters, and their halides. 
55 [0021] As the dicarboxylte acid moiety, beside the aromatic dk:arboxylk; acids and their lower alkyI esters mentioned 
above as main constituent, there can also be used alicyclic dicarboxylic acids such as hexahydroterephthalic acid and 
hexahydroisophthalic acid, aliphatic dicarboxylic acids such as succinic acid, glutarc acid, adipic acid, piperic acid, 
suberic acid, azelaic acid, sebacic acid, undecanedicarboxylic acid and dodecanedicarboxylic acid, and their lower 
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alkyi esters and halides. 

[0022] As the dio) moiety, beside ethylene glycol comprising the main component, there can be also used aliphatic 
glycols such as trimethylene glycol, tetramethylene glycol, pentamethylene glycol, hexamethylene glycol, octamethyl- 
ene glycol, decamethylene glycol, neopentyl glycol, propylene glycol, diethylene glycol, triethylene glycol, polyethylene 

5 glycol and polyoxytetramethylene glycol. It is also possible to use alicyclic glycols such as 1 ,2-cyclohexanediol 1 ,4-cy- 
clohexanediol, 1,1-cyclohexanedimethanol, 1 ,4-cyclohexanedimethanol and 2,5-norbornenedlmethanol, branched 
aliphatic glycols such as neopentyl glycol and 2-butyl-2-ethyl-1 ,3-propanediol, aromatic glycols such as xylylene glycol, 
4,4'-dlhydroxybiphenyl,2,2-bis(4'-hydroxyphenyl)propane,2,2-bis(4'-p-hydroxyethoxyphenyl)propane, bis{4-hydroxy- 
phenyl)sulfone, 4,4'-bis(2-hydroxyethoxy)diphenylsulfone and ethylene oxide and propylene oxide adducts of 2,2-bis 

10 (4'hydroxyphenyl)propane. 

[0023] The polyester resin of the present invention may contain, beside the said dicarboxylic acid and diol compo- 
nents, a small quantity of a hydroxycarboxylic acid or alkoxycarboxylic acid such as glycolk: acid, p-hydroxybenzoic 
acid, p-p-hydroxyethoxybenzoic acid, monofunctional substance such as stearic ateohol, docosanol, octacosanol, ben- 
zyl abohol, stearic acid, behenic acid, melissic acid, benzoic acid, t-butylbenzoic acid, or benzoilbenzoic acid, a poly- 
ps functional (tri- or higher functional) substance such as tricarballylic acid, trimellltic acid, trimesic acid, pyromellitk; acid, . 
gallic acid, trimethylolethane, trimethylolpropane, glycerin, pentaerithrytol andietrakis[methylene-3-(3',5*-di-t-butyl-4'- 
hydroxyphenyl)propyonate]methane. 

[0024] The present invention is especially advantageously embodied as a polyester produced from a carboxylk: acid 
component comprising mainly lerephlhalic acid or 2,6-naplhalenedk5arboxylk: acW, preferably terephthalk: acid, and 
20 a diol component comprising mainly ethylene glycol, and this embodiment can maximize the effect of the present 
invention. 

[0025] The polyester resin of the present invention is produced by esterifying or transesterifying the dicarboxylic acid 
component containing the above aromatk: dicarboxylic acid or ester-fonning derivatives thereof, in an amount of not 
loss than 50 mol%, preferably not loss than 90 mol%, more preferably not loss than 95 mo!%, especially preferably 

2S not less than 99 mol% based on the dicarboxylic acid component, with the diol component containing ethylene glycol 
In an amount of not less than 50 moP/o^ preferably not less than 90 mol%, more preferably not less than 95 mol%, most 
preferably not less than 99 mol% based on the diol component, and then subjecting the esterification products or 
transesterification products to polycondensation reaction. Meanwhile, the polyester resin may contain diethylene glycol 
units by-produced in the reaction system and copolymerized therewith. The content of the diethylene glycol units in 

30 the polyester resin whk:h include those externally added to the reaction system is usually not more than 4 mol%. 
preferably not more than 3 mol%. When the amount of diethylene glycol is too large, the polyester resin may be poor 
in melt heat stability and the molded product such as a bottle by using the polyester resin may be poor in heat resistance. 
[0026] The polyester resin of the present invention is polymerized in the presence of a catalyst comprising a tftanium 
compound and contains titanium originating in the catalyst. 

35 [0027] Examples of the titanium compounds usable as catalyst in the present invention include, for example, tetra- 
n-propyl titanate, tetraisopropyl titanate, tetra-n-butyl titanate. tetra-t-butyl titanate, tetraphenyl titanate, tetracyclohexyl 
titanate, letrabenzyl titanate, tetra-n-butyl titanate tetramer, titanium acetate, titanium oxalate, potassium titanate 
oxalate, sodium titanate oxalate, potassium titanate, sodium titanate, titanic acid-aluminum hydroxide mixture, titanium 
chloride, titanium chloride-aluminum chloride mixture, titanium bromide, titanium fluoride, potassium titanate hexaflu- 

40 oride, manganese titanate hexaf luoride, ammonium titanate hexaf luoride, and titanium acetylacetate. Of these titanium 
compounds, tetra-n-propyl titanate, tetraisopropyl titanate, tetra-n-butyl titanate, titanic acid oxalate and potassium 
titanate oxalate are preferred. 

[0028] In the present invention, a titanium compound is used in such an amount that will make the titanium atom (Ti) 
content 0.002 to 1 .0 mole based on one ton of the polyester resin produced. 

45 [0029] If the titanium atom content Is less than 0.002 mole based on one ton of the polyester resin, no satisfactory 
polymerization rate may be obtained. A titanium atom content exceeding 1 .00 mole may be also undesirable because 
11 may give adverse effecl to Ihe color lone and melling heal stability of the obtained polyester resin. The preferred 
amount of titanium compound is such that the titanium atom content becomes 0.002 to 0.5 mole, preferably 0.002 to 
0.2 mole, more preferably 0.002 to 0.06 mole, even more preferably 0.002 to 0.04 mole, based on one ton of the 

so polyester resin. 

[0030] The polyester resin of the present invention has the following properties: 

Intrinsic viscosity ([n], dl/g) ^ 0.70 
Hunter's "b" value 5 4 
55 Acetaldehyde content (AA0, ppm) 5 5.0 

[0031] Intrinsic viscosity of the polyester resin of the present invention is not less than 0.70 dl/g, preferably 0.70 to 
1 .5 dl, more preferably 0.70 to 0.90 dl/g, even more preferably 0.70 to 0.80 dl/g. In the present invention, intrinsk: 
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viscosity was determined by free7e grinding the poiyester resin, dissolving it in b 1/1 (by weight) mixed solvent of 
phenol and 1 ,1 ,2,2.-tetrachloroethane to prepare the solutions with concentrations of 0.1 g/dl, 0.2 g/dl, 0.5 g/dl and 1 
g/dl. measuring viscosity of each solution by an Ubbellohde capillary tube viscometer at SO'^C. and detemiining a 
viscosity at the concentration of 0 g/dl (intrinsic viscosity) by the extrapolation of the linear viscosity vs. concentration 

5 plot. When the intrinsic viscosity is too small, the molded product using the polyester resin such as a bottle may be 
poor in strength. When the intrinsic viscosity is too large, a large time is required for melting the polyester resin in the 
injection molding process for a pre-molded product for a bottle etc., thereby arising problenrts that the amount of by- 
products such as acetaldehyde and cyclic trimer increase and the productibility of molded product Is deteriorated be- 
cause the large stretch tension is required when the pre-molded product is subject to stretch-blow operation to form a 

10 bottle. 

[0032] Intrinsic viscosity can be adjusted to the above preferred level according to the purpose of use of the produced 
polyester resin by controlling the working conditions such as temperature and time of the melt polymerization in the 
production of polyester and if necessary the succeeding crystallization and solid phase polymerization. For instance, 
when intrinsic viscosity is controlled as 0.1 0 to 0.70 dl/g, preferably 0.30 to 0.70 g/dl, more preferably 0.50 to 0.65 dl/ 
15 g by melt polymerization and then made more than 0.70 dl/g by crystallization and solid phase polymerization, there 
can be obtained a polyester resin which Is preferable in color tone, polymerization rate and formation of by-product 
cyclic oligomers. 

[0033] In the color tone of the polyester resin of the present Invention, the "b' value of Hunter's color coordinates in 
Lab color system according lo reference 1 in JIS Z8730 is nol more than 4, preferably -10 to 3, more preferably -5 to 

^0 2, even more preferably -3 to 1 , most preferably -2 to 0. When the "b" value is not greater than 4, the molded product 
of the resin has a good hue of color, but when the ''b" value exceeds 4. the molded product tends to have a strong 
yellowish tinge, while when the "b" value is below -10, the molded product tends to have a strong bluish tinge. 
[0034] The "b" value can be adjusted by changing the polymerization conditions or the type of the catalyst used. The 
"b" value can also be adjusted by adding a coloring material (dye) to the polymerization system, but this is unrecom- 

2S mendable because it may stain the polymerization equipment, molding equipment and other working means. 

[0035] The acetaldehyde content (AAq, ppm) of the polyester resin according to the present invention is not more 
than 5.0 ppm, preferably not more than 3.0 ppm, more preferably not more than 2.0 ppm. When the acetaldehyde 
content exceeds 5.0 ppm, the molded product of the resin (such as food container) is liable to greatly affect the savor 
of the content. The unit "ppm" used in the present invention is by weight. 

30 [0036] The cyclic trimer content (CTq. wt%) of the polyester resin of the present Invention is not more than 0.50 wt%, 
preferably not more than 0.40 wt%. When the cyclic trimer content exceeds 0.50 wt%, the cyclk: trimer may adhere to 
and stain the mold in the molding operation to impair appearance of the molded product. The molding productivility is 
also reduced because of the necessity of cleaning the mold. 

[0037] Further, in the polyester resin according to the present Invention, it is preferred that the generation of by- 
3S products is prevented in the molding process. Especially, since the formation of cyclic trimers in molding process is 
prevented, the mold-contamination property can be remaricably improved. 

[0038] In the polyester resin of the present invention, it is preferable that the difference between the cyclic trimer 
content (CTg, wt%) of the resin in the molded product after injection molding at 280*C and the cyclic trimer content 
(CTq, wt%) of the resin before injection molding (CT^- CTq) is not more than 0.10 wt%, preferably not more than 0.05 
40 wt%, more preferably not more than 0.03 wt%. When the difference (CTq-CTq) is outside the above-defined range, 
there may be a tendency that the mold is stained in the molding operation. 

[0039] Further, in the polyester resin of the present invention, the crystallizing temperature in temperature lowering 
mode (Tc) of the resin In the molded product after injection molding at 280*C is preferably not higher than 1 80X, more 
preferably not higher than 175**C, even more preferably not higher than 170*^0. When the crystallizing temperature in 

45 temperature lowering mode of the resin is outside the above-defined range, the molded product tends to lack trans- 
parency. The crystallizing temperature In temperature lowering mode Is the peak temperature of crystallization deter- 
mined in the following way. Using a differential scanning calorimeler, the sample was healed from 20''C to 285''C at a 
rate of 20°C/min in a nitrogen atmosphere, and after maintaining the molten state of the resin at 285**C for 3 minutes, 
the temperature was lowered to 20''C at a rate of lO^C/min, determining the peak temperature of crystallization ob- 

50 served in the course of temperature descent. 

[0040] For the polyester resin of the present invention, it is also preferable that the difference between the acetal- 
dehyde content (AAg, ppm) of the resin in the nnoldcd product after injection molding at 280*C and the acetaldehyde 
content (AAq, ppm) of the resin before injection molding (fiiA^ - AAq) is not more than 20 ppm, preferably not greater 
than 17 ppm, more preferably not more than 15 ppm. When this difference (AA3 • PJKq) is outside the above-defined 

55 range, there tends to arise the problem that in case where the resin is used as a material for packaging a drink or food, 
the packaging material may impair the savor of the packaged drink or food. 

[0041] The said properties of the polyester resin can be adjusted by using a titanium polymerization catalyst with a 
suitable co-catalyst or promoter. In this case, the polyester resin of the present invention contains a substance origi- 
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nating in the co-catalyst or promotor. 

[0042] Specifically, in a preferred embodiment of the invention, catalyst system comprises a titanium compound, 
appropriate amounts of (1) a phosphorus conpound and (2) at least one compound selected from compounds of la- 
Group metals except for hydrogen, lla-Group metal compounds and manganese compounds. 
s [0043] As the phosphorus compound (1 ), there can be used tnvalent phosphorous compounds such as phosphorous 
acid, hypophosphorous acid, their esters (such as diethyl phosphite, triphenyl phosphite, trisdodecyl phosphite and 
trisnonyldecyl phosphite), and metal (lithium, sodium, potassium, etc.) salts of said acids. 

[0044] It is also possible to use pentavalent phosphoric compounds such as orthophosphoric acid, polyphosphoric 
acid, their esters (such as trimethyl phosphate, triethyl phosphate, tri-n-butyl phosphate, trioctyl phosphate, triphenyl 

10 phosphate, tricresyl phosphate, tris(triethylene glycol) phosphate and ethyldiethyl phosphonoacetate. and acid phos- 
phoric compounds such as methyl acid phosphate, ethyl acid phosphate, isopropyl acid phosphate, butyl acid phos- 
phate, dibutyl phosphate, monobutyl phosphate, dioctyl phosphate and trlethylene glycol acid phosphate. 
[0045] Of these phosphorus compounds, phosphorous acid, orthophosphoric acid, ethyl acid phosphate, tris(trieth- 
ylene glycol) phosphate, triethylene glycol acid phosphate and ethyldiethyl phosphonoacetate are preferred. From the 

IS view point of color tone and suppression of formation of by-products in the polymerization system, ethyl acid phosphate, 
tris(triethylene glycol) phosphate, triethylene glycol acid phosphate and ethyldiethyl phosphonoacetate are especially 
preferred. 

[0046] A phosphorus compound is used in such an amount that the phosphorus atom content In the produced pol- 
yester resin will become 0.02 to 4 moles, preferably 0.02 lo 2 moles, based on one Ion of the polyester resin. The 

20 polymerization rate, the color tone of the produced polyester resin and amount of the by-products such as acetaldehyde 
and cyclic trimers can be adjusted by controlling the amount of the phosphorus-compound used. 
[0047] As at least one compound (2) selected from compounds of la-Group metals except for hydrogen. lla-Group 
metal compounds and manganese compounds, there can be used, for example, lithium compounds, sodium com- 
pounds, potassium connpounds, otc, as alkaline metal compound, and magnesium compounds, calcium compounds. 

S5 etc., as alkaline earth metal compound. These compounds may be used either singly or as a mixture of two or more 
of them. Especially, magnesium compounds are preferred. 

[0048] These la-Group metals except for hydrogen, lla-Group metal compounds are preferably those soluble In diols 
such as ethylene glycol and water and usable in the form of a solution. Such compounds include oxides, hydroxides, 
alkoxides, acetates, carbonates, oxalates and halides, more specific examples thereof being lithium acetate, sodium 
3D acetate, potassium acetate, magnesium oxide, magnesium hydroxide, magnesium alkoxide. magnesium acetate, mag- 
nesium carbonate, calcium oxide, cateium hydroxide, calcium acetate, catelum carbonate, manganese oxide, manga- 
nese hydroxide and manganese acetate. Magnesium compounds and manganese compounds are preferred, magne- 
sium compounds are especially preferred. 

[0049] The said at least one compound (2) is used In such an amount that the total content of the metal atoms In the 
35 produced polyester resin will become preferably 0.04 to 5 moles, more preferably 0.04 to 3 moles based on one ton 
of the polyester resin. In case where a magnesium compound Is used as the compound (2), the preferred amount 
thereof (as magnesium metal) is 0.1 to 3 moles, more preferably 0,2 to 2 moles, especially preferably 0.3 to 1 moles, 
based on one ton of the polyester resin. When the above amount is less than the above mentioned lower limit, the 
polymerizability thereof may be deteriorated. When the above amount is less than the above mentioned upper limit, 
40 the color tone thereof may be deteriorated. 

[0050] By properly selecting the amounts of the titanium compound and the said metal compounds in the polymer- 
ization catalyst, it is possible not only to adjust the polymerization rate in the polymerization reaction but to also control 
the color tone of the produced polyester resin and fomiation of by-products such as acetaldehyde and cyclic trimers. 
[0051] In the present invention, it is preferable that the titanium atom content Tl (moles), phosphorus atom content 
45 p (moles) and total content M (moles) of la-Group metal atoms except for hydrogen, lla-Group metal atoms and man- 
ganese atoms based on one ton of the polyester resin satisfy the relations of the following f omiulae: 

1 ^ p/(ri + M) s 0.1 

50 1 ^ p/M > 0 

[0052] P/Ti is more preferably not less than 5, even more preferably 5 to 50, especially preferably 16 to 30. When 
P/Ti is less than 1, the produced polyester resin may be a yellowish tinge and is deteriorated in color tone. 
[0053] The more prefen^ed value of P/fTl + M) is 0.2 to 1 . even more preferably 0.4 to 1 . when P/(ri + M) is less than 
55 0.2, the produced polyester resin has a yellowish tinge and a poor color tone, and when Pl(J\ + M) exceeds 1 , polym- 
erizability of the resin deteriorates. 

[0054] P/M is more preferably 0.2 to 1 . especially preferably 0.4 to 1 . When P/M exceeds 1 . polymerizability of the 
resin may be bad. 
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[0055] Further, the molar ratio (MAI) of at least one atom M selected from the group consisting of la-Group atoms 
except for hydrogen, lla-Group atoms and manganese atom to titanium atom Ti per one ton of the polyester resin of 
the present invention, is preferably in the range of 2.5 to 250, more preferably 1 5 to 1 50, even more preferably 25 to 50. 
[0056] When the molar ratio M/Ti is less than 2.5, the polymerizability may be deteriorated. When the molar ratio M/ 

5 Ti is more than 250, the obtained polyester resin tends to be deteriorated in color tone. 

[0057] The reason that the polyester resin produced by using the catalyst composition satisfying the above defined 
range has excellent properties, is not cleariy understood. However, the reason is considered as follows. When P/Ti is 
large, deterioration of color tone by Tt (titanium) catalyst and side reaction of fonming by-product such as acetaldehyde 
can be prevented, while the activity of TI catalyst for polymerization is deteriorated. However, by addition of small 

10 amount of "M" (la-Group metal atoms except for hydrogen, lla-Group metal atoms and manganese atoms), unexpect- 
edly, the activity of catalyst for polymerization is enhanced by the effect of "M" as a promoter. Therefore, sufficient 
activity of catalyst for polymerization can be attained, whiie maintaining the preventing effect of deterioration of color 
tone by Ti catalyst and side reaction of fonming by-product such as acetaldehyde. In this case, the amount of "M" added 
is preferably 0.04 to 5 mol based on one ton of the polyester resin as described above. In case of using "M" singly for 

15 main polymerizatbn catalyst, the amount of "M" added is usually far more than 5 mol based on one ton of the polyester 
resin. Therefore, the promoter effect of "M" In combination with Ti catalyst is unexpectedly remarkable. In this case, It 
is assumed that In order to prevent the deactivation of "M" or titanium catalyst and "M" by "P" (phosphorus atom), P/ 
M or P/(Ti4:M) is preferably small amount as described above. 

[0058] For polymerization of the polyester resin of the present invention, il is possible to use a small quantity of a 
20 germanium compound in addition to the said metal compounds (1 ) and (2) . Use of a germanium compound contributes 
to bettering acetaldehyde content, cyclic trimer content and the color tone of the produced polyester resin. A germanium 
compound is preferably used in such an amount that the germanium atom content in the produced polyester resin will 
become 0 to 0.4 mole, preferably 0 to 0.3 mole, more preferably 0 to 0.2 mole, especially preferably 0 to 0.1 mole, 
. basod on one ton of the polyester rosin. Whon the amount of germanium compound used is too large, the production 
25 cost of polyester may be increased and the obtained molded products may be poor in transparency, as described above. 
[0059] Specific examples of the germanium compounds may include genmanium dioxide, genmanium tetraoxide, 
genmanium hydroxide, germanium oxalate, germanium tetraethoxide, gemnanium tetra-n-butoxide or the lilce. Among 
these germaniunri compounds, germanium dioxide is preferred. 

[0060] The polyester resin of the present invention may further contain the substances derived from the compounds 
30 usually used in production of polyester resins. Examples of such substances are oxides, haiides, hydroxides, alkoxides 
and aliphatic or aromatic carboxylates of zirconium, hafnium, chromium, molybdenum, tungsten, iron, nickel, gold, 
silver, copper, zinc, boron, aluminum, silicon, tin, lanthanum, cerium and the like. 

[0081 ] In the polyester resin of the present invention, other known and commonly used additives such as esterifk:ation 
catalyst, transesterif ication catalyst, polycondensation catalyst, nucleating agent, inorganic filter,, lubricant, slip agent, 
35 anti-blocking agent, stabilizer, antistatic agent, anti-fogging agent, pigment, etc., can be contained within limits not 
prejudicial to the effect of the present invention. 

[0062] The polyester resin of the present invention can be produced by going through the steps of preparation of a 
slurry of starting materials, esterifk:ation or transesterif ication thereof and melt polymerization, and thereafter preferably 
solid phase polymerization, still further, if necessary, contact treatment with water or water vapor under heating, ac- 

40 cording to the conventional methods. 

[0063] First, the aromatic dicarboxylic acid or its ester forming derivative which is the main constituent of the dtear- 
boxylic acid moiety, ethylene glycol which is the main constituent of the diol moiety, other copolymerizable monomer, 
auxiliaries If required, are stir-mixed to prepare a slurry of starting material. The molar ratio of diol moiety / dicart^oxylic 
acid moiety is usually 1 .0 to 1 .5 and the molar ratio of diol moiety / dicarboxylic acid's ester fonming derivative moiety 

45 Is usually 1.5 to 2.5 

[0064] Next, the obtained slurry are subjected to estertflcation or transesterifteatlon to obtain a polyester oligomer. 
[0065] Esterification Is a technique for obtaining a polyester oligomer by carrying out a direct eslerification reaction 
of. for example, terephthalic acid, ethylene glycol or other copolymerization material. Transesterif toatlon is a means 
for obtaining a polyester oligomer by using an ester derivative of a dicarisoxylic acid, such as dimethyl terephthalate, 

so instead of a dicarboxylic acid as starting material and conducting a transesterification reaction thereof using a trans- 
esterification catalyst in a necessary amount. This transesterification method has a possibility that the transesterif cation 
catalyst could exert an adverse effect to the color tone and melt heat stability of the polyester resin. The esterification 
method, which requires no transesterification catalyst, has no possibility of adversely affecting the color tone and melt 
heat stability of the produced polyester resin, so that esterification is preferred for obtaining the polyester resin of the 

55 present invention. 

[0066] When for instance terephthalic acid and ethylene glycol are used as starting materials, esterification is usually 
carried out by heating at 240 to 280*0 with starring under a pressure of 0 to 4 x 10^ Pa in a relative pressure based 
on atmospheric pressure for one to 1 0 hours. 
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[0067] The esterification percentage of resultant low-molecular weight polyester as the esterification or transesteri- 
fication products (identical to the percentage of carboxyl groups esterified with the diol component based on whole 
carboxyl groups present in the carboxylic acid component used as a raw material) is preferably not less than 95%. 
[0068] Then the produced polyester oligomer is potycondensed by melt polymerization. Melt polymerization is carried 
out by heating the polyester oligomer while gradually reducing pressure in the presence of a polymerization catalyst. 
For instance, in case of using terephthalic acid and ethylene glycol as starting materials, polymerization is conducted 
at 250 to 290^0 while gradually reducing pressure from normal pressure till finally reaching 1 ,333 to 1 3.3 Pa (approx- 
imately 10 to 0.1 Torr). A titanium compound such-as mentioned above is used as polymerization catalyst. Its amount 
used is such that the titanium atom content in the produced polyester resin will become 0,002 to 1 .0 mole based on 
one ton of the polyester resin. If necessary, in addition to a titanium compound, there may also be used (1 ) a phosphorus 
compound, (2) at least one of compounds of la-Group metals except for hydrogen. Ila-Group metal compounds and 
manganese compounds, and if necessary, (3) a gemianium compound for the catalyst. 

[0069] These catalyst components may be added at any stage on or prior to the melt polymerization reaction process 
but the phosphorus compound is preferably added prior to the addition of other compounds or added together with the 
'5 other compounds which is first added. 

[0070] As to the order of addition of these catalyst components, it is preferred to add the phosphorus compound; at 
least one metal compound selected from the group consisting of compounds of la-Group metals except for hydrogen, 
Ila-Group metal compounds and manganese compounds; and then the titanium compound to the reaction system Iri 
this order. When the germanium compound(s) and/or other metal compound(s) are used, these compound are add 
preferably after addition of the phosphorus compound, more preferably on or after of the addition of at least one metal 
compound selected from the group consisting of compounds of la-Group metals except for hydrogen. Ila-Group metal 
compounds and manganese compounds, especially preferably together with at least one metal compound selected 
from the group consisting of compounds of la-Group metals except for hydrogen. Ha-Group metal compounds and 
manganese compounds. 

[0071 1 By adding these catalyst components in the above-described order the polyester resin produced by the proc- 
ess of the present invention can exhibit not only good color tone and melt heat-stability but also reduced amount of 
by-products. Further, in the process of the present invention, by heat-treating the polyester resin obtained after melt- 
polymerization or solid-phase polymerization in which the catalyst components are added in the above-described order, 
in water as described hereinafter, it becomes possible to further improve color tone and melt heat-stability thereof and 
reduce amounts of by-products produced upon molding. In this case, also excellent transparency can be attained. 
[0072] Further, when the germanium compound(s) are used, usually, the gemianium compound(s) are diffuse-vol- 
atilized to the out of the polymerization system. However, by adding thesecatalyst components in the above-described 
order, the percentage of remaining germanium compound(s) in the polymerization system Is enhanced and the pro- 
ductibility is improved by the enhanced using-effect of expensive gemianium compound(s). 
[0073] More specifically, after completion of the direct esterification or transesterificatlon reaction and before initiation 
of the polycondensation reaction, the phosphorus compound, the at least one metal compound selected from the group 
consisting of compounds of la-Group metals except for hydrogen. Ila-Group metal compounds and manganese com- 
pounds, and then the titanium compound may be sequentially added to the reaction vessel in this order at time intervals 
enough to allow these compounds to sufficiently diffuse therein (for example, every 5 minutes). In particular, it is pre- 
ferred that the phosphorus compound is added upon preparation of the slurry or initial stage of esterification, and the 
at least one metal compound selected from the group consisting of compounds of la-Group metals except for hydrogen. 
Ila-Group metal compounds and manganese compounds may be added upon the final stage of esterification, and 
further, the titanium compound may be added upon the initial stage of polycondensation reaction. 
[0074] Still further, a method in which a conduit for providing the phosphorus compound, a conduit for providing the 
at least one metal compound selected from the group consisting of compounds of la-Group metals except for hydrogen. 
Ila-Group metal compounds and manganese compounds and a conduit for providing the titanium compound are at- 
tached in this order, lo a conduit which transports the eslerificaUon product after the eslerificalion. and each compound 
is added, can be used. 

[0075] In particular, In the case of continuous production processes, it is preferred that the phosphorus compound 
is added upon preparation of the slurry, and the at least one metal compound selected from the group consisting of 
compounds of la-Group metals except for hydrogen, Ila-Group metal compounds and manganese compounds, or 
optionally the germanium compound, and the titanium compound may bo added subsequent to the esterification or 
transesterificatlon reaction. More preferably, the at least one metal compound selected from the group consisting of 
compounds of la-Group metals except for hydrogen, Ila-Group metal compounds and manganese compounds, or 
optionally the germanium compound may be added upon the esterification or the transesterification reaction, and then 
the titanium compound may be added to resultant tow-molecular weight polyester as the esterification or transesteri- 
ficatlon product which is transported through a feed conduit to a polycondensation vessel or already introduced into 
the polycondensation vessel. 
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[0076] The polyester resin obtained from the said meW polymeri7ation is usually melt extruded Into a strand, withdrawn 
from the reactor and cut Into granular pieces (chips) by a cutter. 

[0077] The polyester resin obtained from the said melt polymerization is usually melt extruded into a strand, withdrawn 
from the reactor and cut into granular pieces (chips) by a cutter. 

5 [0078] The polyester resin obtained from the melt polymerization may if necessary be further subjected to solid phase 
polymerization. This solid phase polymerization is can^ied out by heating, drying and crystallizing the polyester resin 
chips, and then subjecting them to polycondensation reaction at a temperature below the melting point under reduced 
pressure or In an Inert gas stream. Since solid phase polymerization is conducted at a lower temperature than melt 
polymerization, it provides a polyester with an excellent color tone. Also, solid phase polymerization serves for sup- 

10 pressing the amount of by-products such as cyclic oligomers and acetaldehyde. So, It is preferred to be subject to solid 
phase polymerization. 

[0079] Heat treatment in the solid phase polymerization operation is usually carried out by maintaining the polyester 
chips at 60 to ISO^'C in order to crystallize and dry in an atmosphere of a dry-state inert gas such as nitrogen, argon, 
carbon dioxide, etc., or in an atmosphere of water vapor or an inert gas loaded with water vapor, and after crystallizing 
'5 and drying, keeping the chips at a temperature in the range from melting point of the resin to the melting point thereof 
temperature minus 80''C in an inert gas atmosphere for usually not nnore than 50 hours. 

[0080] In other enibodiment, after the polyester resin granules are subject to a condition of the temperature of 60 to 
180*C under reducing pressure whose absolute pressure is 2.6X1 0^ Pa to crystallize and dry thereof, and subse- 
quently, Ihey are subject to a condition of the temperature of the melting point thereof to the melting point minus 80^*0 

20 under the above reducing pressure for not more than 50 hours. In the above embodiments, it is prefen-ed that the 
content of oxygen in the reaction vessel is not more than 3 ppm, more preferably not more than 1 ppm. When the 
content of oxygen is large, the color tone of the polyester obtained from the solid phase polymerization may be dete- 
riorated and the acetaldehyde content may be increased. Preferably, solid phase polymerization is conducted while 
allowing the polyester chips to move flowing by a suitable method such as tumbling or gas fluidizcd bed process so 

25 that the polyester chips woni glue to each other. 

[0081] The polyester resin obtained after going through melt polymerization or solid phase polymerization as de- 
scribed above is preferably subjected to a contact treatment with water or water vapor under heating (hereinafter 
referred to as "undenwater heat treatment") for the purpose of further improving melt heat stability and further reducing 
formation of by-products such as acetaldehyde and cyclic trimers in molding. The underwater heat treatment may be 

30 perf onned. for Instance, by bringing the chips into contact with water vapor of not lower than 60'*C or a gas loaded with 
such water vapor for a period of not less than 30 minutes, or by immersing the chips in water of not lower than 40^C 
for a period of not less than 1 0 minutes. 

[0082] The above production steps may be practiced either batchwise or continuously, but the continuous step is 
preferred in view of production cost, color tone, transparency and rate of crystallization of the produced resin. 

35 [0083] The polyester resin of the present invention may be formed into bottles or the like, for example, by injection- 
molding the resin into a prefomi and then subjecting the preform to stretch blow-molding, or by extrusion-molding the 
resin Into a parison and then subjecting the parison to blow-molding; may be fomned into trays, containers or the like, 
for example, by extrusion-molding the resin into a sheet and then subjecting the sheet to themnofomntng; or may be 
fomied into films, for example, by biaxially stretching the above sheet. The polyester resin of the present invention is 

40 especially useful in applications such as packaging or wrapping materials for foodstuffs or beverages. Among them, 
the polyester resin of the present invention may be suitably used in fomning bottles or containers by injection-molding 
the resin into a preform and then subjecting the preform to stretch blow-molding in which the preform Is biaxially 
stretched. Examples of such bottles or containers may include those for soda beverages, atoohol beverages or liquid 
seasonings such as soy sauce, various sauces, sweet sake and dressings. Further, such bottles or containers may be 

<5 heat-set to fomri heat-resistant containers suitably used for beverages such as fruit juice, teas and mineral water. 
[0084] The polyester resin of the present invention obtained by using environmentally safe and Inexpensive titanium 
as a polycondensation catalyst consliluenl and by selecting the optimal catalyst components and amount thereof and 
polycondensation conditions has an excellent color tone and melting heat stability, and suppresses formation of by- 
products such as acetaldehyde and cyclic trimers in production thereof, so that it has the advantage that when it is 

so molded into a food container such as a bottle, the produced bottle wont affect the savor of its content, also staining of 
the mold is minimized, and the transparency thereof is excellent. 

EXAMPLES 

55 [0085] The present Invention will be described in further detail with reference to the examples thereof, which examples 
however are merely intended to be illustrative and not to be construed as limiting the scope of the invention. The 
methods of determinations and evaluations used in the Examples are as described below. 
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1 . Determination of atom contents in the resin 

[0086] 2.5 g of sample resin was ashed and perfectly decomposed by the. conventional methods using oxygenated 
water in the presence of sulfuric acid, and this resin solution was diluted to 50 ml with distilled water and subjected to 

5 determination of atoms in the resin by plasma emission spectroscopic analysis using of a JY46P type ICP-AES (high- 
frequency derive-bonded plasma emission spectroscopic analyzer) manufactured by JOBIN YVON Co., Ltd. The ob- 
tained data are converted into mol content (molAon) based on one ton of the polyester resin. 
[0087] Incidentally, in case of using germanium compound(s), the germanium content in the obtained polyester resin 
(mol/ton) is divided by the initial germanium content added in the production process (mol/ton) thereby calculating the 

10 remaining percentage of gemnanium compound. 

2. Intrinsic viscosity 

[0088] 0.25 g of freeze ground sample resin was dissolved in a phenol/tetrachloroethane (1/1 by weight) mixed 
IS solvent at 11 0'C for 20 minutes so that the solution would have a concentration (c) of 1 ,0 g/dl. Relative viscosity T|rel 
to the solvent was measured by an Ubbellohde capillary tube viscometer at 30*C, from which iisp/c {r\sp: specific 
viscosity which is equal to iirel - 1 ; c: concentration) was detemnined. iisp/c when c = 0.5, 0.2 and 0.1 g/dl was simllarty 
delemiined, and from the obtained values, -qsp/c when concentration c was extrapolated to 0 was determined and . 
expressed as intrinsic viscosity. 

20 

3. "b" value of Hunter's cotor coordinates 

[0089] Resin granules as a sample (granule weight: 15 to 30 mg) was filled in a 36 mm (inner diameter) x 15 mm 
(depth) measuring cell (its light receiving portion being made of quartz glass) flush with the brim, and by using a color- 
25 imetric color difference meter 300A mfd. by Nippon Denshoku Kogyo KK, Hunter's b value was measured four times 
by the reflection method turning the cell to change its direction 90° each time, and the simple mean of the four deter- 
minations was expressed as "b" value. Before conducting the measurement, the apparatus was left connected to the 
power source for more than 4 hours to have it well stabilized. 

30 4. Acetaldehyde content 

[0090] Precisely weighed 5.0 g of resin granules (granule weight: 15 to 30 mg) as a sample was put Into a 50 ml 
microbomb together with 10.0 ml of pure water. After closing the bomb airtight under nitrogen sealing, it was heated 
at 1 60*C for 2 hours and acetaldehyde in the resin was extracted into water. The amount of acetaldehyde in the extract 
35 was detennined by a gas chromatograph GC-1 4A mfd. by ShimadzuCorp. with isobutyl alcohol as an intemal standard. 

5. Cyclic trimer content 

[0091] Precisely weighed 4.0 mg of sample resin was dissolved in 2 ml of achloroform/hexafluorolsopropanol<3/2 
40 by volume) mixed solvent, and the solution was diluted by adding 20 ml of chloroform. Then 10 ml of methanol was 
added to repreclpitate the sample, and the solution was filtered. The filtrate was evaporated to dryness and the residue 
was dissolved in 25 ml of dimethylfonmamide. The amount of the cyclic trimer (cyclotriethylene terephthalate) In the 
solution was determined by liquid gas chromatograph LC-10A mfd. by Shimadzu Corp. 

45 6. Evaluation of molded product after Injection molding at 280°C 

[0092] After dried in an inert oven (IPHH-201 mfd. by ESPEC Co., Ltd.) in a nitrogen stream of 40 l/min at 160*C for 
4 hours, the sanple resin was injection molded by an injection molding machine (M-70A11-DM mfd. by Meiki Sei- 
sakusho KK) under the conditions of: cylinder temperature (Set) = 280*C; back pressure = 5 x 10^ Pa; injection rate 
50 s 40 cc/sec; dwell pressure = 35 x 1 0^ Pa; mold temperature = 25*C; molding cycle =■ about 75 seconds, to obtain a 
stepped molded plate of the configuration shown in FIG. 1 having a size of 50 mm by 100 mm with thk^kness varying 
stepwise in 6 portions from 6 mm to 3.6 mm sideways with a level difference of 0.5 mm. In FIG. 1 , letter G denotes the 
gate. 

[0093] The cyclic trimer content, crystallizing temperature in temperature lowering mode, acetaldehyde content and 
55 haze (for determining transparency) of the molded plate were measured by the methods shown below. 
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(1) Cyclic trimer content (CTJ 

[0094] This was measured by the same method as described above using a sample cut out from the foremost end 
portion (portion A in FIG. 1) of the 3.5 mm thick section of the molded plate. 

5 

(2) Crystallizing temperature in temperature lowering mode 

[0095] The foremost end portion (portion A In FIG. 1) of the 3.5 mm thick section of the molded plate was cut out 
and dried by a vacuum dryer at 40^C for 3 days, and a sample was sliced out from its non-surface portion. Approximately 

10 10 mg of the sample was weighed out, put into an open aluminum pan (P/N SSC000E030 mfd. by Seiko Electronic 
Co., Ltd, normal pressure type), and closed up by placing its cover (P/N SSC000E032 by Seiko Electronic Co., Ltd., 
normal pressure type) in position. Then, using a differential scanning calorimeter (DSC220C mfd. by Seiko Co., Ltd.), 
the sample was heated from 20*C to 285**C at a rate of 20®C/min in a nitrogen stream, maintained in the molten state 
at 285'*C for 3 minutes and then cooled down to 20'*C at a rate of 1 0**C/min, and the peak temperature of crystallization . 

15 observed in the course of temperature descent was measured. 

(3) Acetaldehyde content (AA^) 

[0096] This was measured by the above-described method, using a sample cut out to a size of about 4 mm square 
^ from the rear end portion (portion B in FIG. 1) of the 3.5 mm thick and 4.0 mm thick sections of the molded plate and 
made into chips. 

(4) Transparency 

25 [0097] Haze of the 5.0 mm thick portion (portion C in FIG. 1) of the molded plate was measured by a hazemeter 
(NDH-300A mfd. by Nippon Denshoku KK). 

[0098] A 5.0 mm-thick portion (C portion in Fig. 1 ) of the same molded plate as obtained aboye was visually observed 
to evaluate a transparency thereof. The results of the evaluation are classified into the following three ranks. 

30 A: Considerably high, excellent transparency; 

B: Good transparency; and 
C: Low transparency with cloudiness 

7. Evaluation of molding for a bottle 

35 

[0099] Resin granules as a sample (granule weight: 15 to 30 mg) were dried at 1 30X for 10 hours using a vacuum 
dryer, and then injection-molded into a preform of a test tube-like shape having an outer diameter of 29.0 mm, a height 
of 165 mm. an average thickness of 3.7 mm and a weight of 60 g, using an injection-molding machine ("FE-60S" 
manufactured by Nissei Jushi Kogyo Co., Ltd.) whteh was operated at a cylinder temperature (SET) of 280**C. a back 

40 pressure of 5 x 10^ Pa, an Injection rate of 45 cc/sec., a dwell pressure of 30 x 10^ Pa, a mold temperature of 20X 
and a molding cycle of about 40 seconds. The thus obtained preform was heated within a near-infrared irradiatk>n oven 
with a quartz heater for 70 seconds, and then allowed to stand at room temperature for 25 seconds. Thereafter, the 
pretomri was placed in a blowing mold set at 160'C, blow-molded therein at a blow pressure of 7 x 10* Pa for one 
second and further at a blow pressure of 30 x 10* Pa tor 40 seconds while stretching the preform in the longitudinal 

^3 direction by a stretching rod, heat-set and then air-cooled to produce 500 bottles each having an outer diameter of 
about 95 mm, a height of about 305 mm, an average cylinder thickness of 0.37 mm, a weight of about 60 g and a 
capacity of about 1 .5 liters. A surface of a cylinder portion of the obtained 500lh bottle was visually observed to evaluate 
a mold-contamination property thereof according to the following criteria. 

so A: Smooth surface, and no abnormalities were caused; 

B: Slightly deteriorated in surface smoothness, but practically usable; and 

C; Rough surface, and adhesion of foreign materials thcrconto was recognized. 

[0100] The smell of acetaldehyde and color tone of the obtained bottles were evaluated by the following methods. 

55 

(1) Smell of acetaldehyde 

[0101] Each bottle sealed airtightly by a cap was heated in an oven at 50*C for one hour and then taken out from 
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the oven, and the snnell of acetaldehyde in the inside of bottle was evaluated by an organoleptic test. A: There was 
tittle smell of acetaldehyde; B: There was only a small degree of snnell of acetaldehyde; C: There was a disgusting 
smell of acetaldehyde. 

5 (2) Color tone 

[0102] Color lone of the mouth portion of each oblained bottle was visually evaluated. A: The mouth portion was 
colorless; B: The mouth portion assumed a slightly yellowish tinge, but there was practically no problem; C: The mouth 
portion was visibly tinged with yellow. 

10 

Example 1 

[0103] A polyester resin was produced from the following process using batch type polymerization equipment com- 
prising one slurry tank, one esterlfication tank and one melt polymerization tank. 

15 [0104] A slurry of starting materials comprising 43 kg (260 mol) of terephthalic acid and 19 kg (31 2 mol) of ethylene 
glycol was prepared in the slurry tank. This slurry ot sianing materials was successively supplied, over a period of 4 
hours, into the esierification tank already containing approximately 60 kg of bishydroxyethyl terephthalate and main- 
tained at 250'*C under 1 .2x1 Pa. After the completion of supply of the slurry, the esterification reaction was allowed 
to proceed for addilwnal one hour, and the oblained eslerified producl was transferred into the melt polymerUation 

20 tank. Then, from a pipe connected to the melt polymerization tank, ethyl acid phosphate, magnesium acetate and tetra- 
n-butyltitanate were added successively as an ethylene glycol solution at intervals of 5 minutes. These catalyst com- 
ponents were used in such amounts that the contents of P, Mg and Ti in the produced resin would become 0.840 moles, 
1 .974 moles and 0.021 moles, respectively, based on one ton of the resin. 

[0105] The system was heated from 250*C to 280*C over a period of 2.5 hours while reducing the pressure from 
25 normal pressure to 4.0x1 0^ Pa (absolute pressure) in 60 minutes, and with the reduced pressure maintained, melt 
polymerization reaction was allowed to carry on for a sufficient period of time for the produced resin to have an intrinsic 
viscosity {r\^) of 0.55. The produced resin was withdrawn as a strand from a discharge port at the bottom of the reactor, 
then cooled with water and cut into chips, thus obtaining approximately 50 kg of a melt polymerized polyester resin 
with an intrinsc viscosity of 0.55 dl/g. 
30 [0106] The thus obtained melt polymerized polyester resin was continuously supplied into a stirring/crystallizing ap- 
paratus maintained at about 1 eo'^C so that the residence time would become about 5 minutes, and thereby crystallized. 
[0107] The crystallized resin was dried In an inert oven IPHH-261 mfd. by ESPEC Co., Ltd. In a nitrogen stream of 
40 Lymin at 1 60*C for 2 hours, and then heated at 21 0*C for a time sufftelent to provide an intrinsk: viscosity of 0.753 
dl/g, thereby to effectuate solid phase polymerization. 
35 [0108] The properties and results of evaluation of the obtained polyester resin are shown in Table 1 . 

Examples 2 and 3 

[0109] The same procedure as defined in Example 1 was conducted except for the alterations shown in Table 1 to 
^0 obtain polyester resins. The properties and results of evaluation of the obtained polyester resins are shown In Table 1 . 

Examples 4 to 7 

[01 10] The same procedure as defined in Example I was conducted except for the alterations shown in Table 1 and 
45 adding ethyl acid phosphate, magnesium acetate, tetra-n-butyltitanate and gemfianlum dioxide successively as an 
ethylene glycol solution at Intervals of 5 minutes through a conduit attached to the reaction vessel to obtain polyester 
resins. The properties and results of evaluation of the obtained polyester resins are shown in Table 1 . 

Example 8 

so 

[0111] The polyester resin obtained in Example 4 was subject to the undenvater heat treatment at 90'C for 4 hours. 
The properties and results of evaluation of the obtained polyester resins are shown in Tabic 1 . 

Comparative Examples 1 to 5 

55 

[0112] The same procedure as defined in Example 1 was conducted except for using and adding the catalyst and 
phosphorus compound at intervals of 5 minutes In order as shown in Table 1 to obtain polyester resins. The properties 
and results of evaluation of the obtained polyester resins are shown in Table 1 . 
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Table 1 



Bxaiople Exainple 
1 2 



Example 
3 



10 



IS 



Metal atoms 



Titanium atom (Ti) (mol/t) 



0.021 



r Phosphorus atom (P) (mol/t) 
j4aqnesi\jm atom (Mg) (mol/t) 



0.840 
4.031 



0.021 
0.840 



1.974 



Ge rii | a ni um at om (Ge) (mo l/t) 




Antimony atom (Sb) (mol/t) 

P / T i ^ (mol/rool) 

"p/M " (mol /mol ) 

"p/" ( Ti^" M ) ^ (mo 1 /'m ol ) 



(raol/mol) 



4(K2 

o". 21" 

"oTir 



40.2 
0.43 
0.42 
■ 95" 



20.1 

oTsT 

0.55 

35 



20 



lorder of addition 



P->Mg-»Ti I P-^Mg-S'Ti 



P->Mg->Ti 



[percentage of remaining Ge atom 
(%) ' 



Intrinsic viscosity [T|l (dl/g) 
[color coordinates b 



0.745 



0.7S3 



3.2 



2.2 



0.753 



3.8 



lAcetaldehyde (AAo) (ppm) 



4.8 



3.2 



3.9 



25 



30 



ICyclic trimer (CTo) (wt%) 



0 .46 



0.49 



0.43 



Stepped molded plate 



Cyclic trimer (CTs) 

CTs -CTo 



(wt%) 



(wt%) 



Crystallizing temperature in 
I temperature lowerirw mode {^O 

AAs (PPn^) 

iii m , 1 Mm iwi mi n m i ■ i ■ i - -i himhhm . i h i h .! ii ii ■ iw i m i.imn 

AAs-AAo (ppm) 



0.48 
0.02 
"l71 



29.1 
24.3 



Transparency Haze (h)^ 

IFransparency Visual 



3-5 



0.50 

"p'oT 

"170*' 

22.5 
19.3 



£.47 
0 ."04 
170 



3.2 



20.2 
2673 
3.3 



35 



40 



45 



SO 



Bottle 



Color tone 



B 



B 



jmell of aldehyde 



B 



B 



B 



Staining of mold 



55 
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Table 1 (Continued^ 



• 


ElxamDle 
4 


flxsmole 
5 


6 


Metal atoms 








Titanium atom (Ti) (mol/t) 


0 . 021 


0 . 021 


0 042 


Wiosphoru s a torn ( p ) ( mo 1 / 1 ) 


'"Tr^To 


~"o742Cr"~ 




Magnesiiim atom (Mg) {mol/t) 


(31740 




1.522 


Germanium atom (Ge) (mol/t) 


0.207 


0.275 


0.234 


"Sitimony atcJn (Sb) Irooi/t) 








P/Ti (mol/mol) 


20.JL 


20.1 


10.0 


P/M (moi/moi) 


0 . 57^ 


0 J28 


0.28 


P/ (Tx + Mj (mol/mol) 


0.55 


o72 S 


0^.21 


M/Ti (mol/mol) 


35 


71 




Order of addition 


P->Mg-4 




P— >Mg-> 


• 


Ti-»Ge 


Ti-4Ge 


Ti— >Ge 


Percentage of remaining Ge atom 
(%) 


54 


57 


56 


Intrinsic viscositv fn] (dl/o^ 


0.766 


0.830 


0.767 


ColoT coordinaties b 




1 n 
J • u 






z • ^ 


J. • / 


1 . 7 


\^y\^±.JL\^ U£ ^IU\;£ (vvuV/ 


0 • j5 


0 . 43 


0 • 48 


^^Ortnoi^ molded TilAt"^ 










0 . 41 


0 . 50 


0 . 56 






A AT 


0 . 06 


Crvstallizi.no tetttoeratiir*^ in 

temperature lowering mode (°C) 


1 7ft 
X / o 


1 7'7 




AAs (ppm) 


17.9 


21.5 


23 .6 


AAs-AAo (ppm) 


15.7 


19.8 


21.9 


Transparency Haze {%) 


5.8 


5.4 




Transparency Visual 


B 


B 




Bottle 




• 




Color tone 


A 


B_ 


B 


Smell of aldehyde 


B 




B 


Staining of mold 


B 


B 


B 
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Table 1 (Continued) 





7 1 

f 1 


CiAcunpjLcs 


IrieuclJ. auOIuS I 










L„_^™«™^^^^ atom (P) (inoi/t) j 


"""o . 4Y0 ™ j 


"^'"oTTfo 


I'^Megnesium atom (Mg) (mol/t) 1 


^ 1.399 j 


[ Germanium atom (Gel (mol/t) 


0.2(r7 1 


0.207 


1 Antimony atom (Sb) (mol/t) | 






P/Ti (mol/mol) 1 


4.0 


20.1 


r P/M (inol/inol) | 


0.30 "1 


0.57 


r P/(Ti + M) (mol/mol) | 


b.'28 1 


6.55 


M/Ti (mol/mol) 


"13 I 


35 


Order of addition 1 


P->Mg-> 1 

Ti— ^Ge 


Ti— )Ge 


(%) 1 


S9 


54 


Intrinsic viscosity [ill (dl/gl j 


0 762 1 


0.758 


Icolor coordinates b 


1 3 .8 


1.9 


lAcetaldehyde (AAo) (ppm) 


3.5 


r ^ 


[Cyclic trimer (CTo) (wt%) 


0.34 


0.35 


Istepped molded plate 


1 




1 Cyclic trimer (CTs) (wt%) 


1 6". 43 


1 0 .37 


1 QTS-CTO (Wt%) 


1 0 . Q9__ 


L ^ • 02 


1 Crystallizing temperature m (^C) 


179 


1 173 


AAs (ppm) 




[ 16.4 


[""aas-aao (ppm) 


22.1 


j 14.9 


1 Transparency Haze (%) 


1 6.3 


I 6.4 


Transparency Visual 


1 ^ 


1 B 


iBottle 






j T^olor tone 


1 ^ 


j a" 


1 smeil of aldehyde 


1 B 


j A 


r staining of mold 


t B 


1 A 
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Table 1 (Continued) 



■ 


Comp. 


Comp- 


Coup. 




Example 


Example 


Example 




1 


2 


3 










Titanium atom (Ti) {mol/tj 









Phosphorus atom (P) (itiol/t) 


2.906 


0.969 


0.969 


Magnesium atom (Mg) <mol/t) 


2.057 






Germanium atom (Ge) (mol/t) 


— 


0.5S1 


.0.551 


Antimony atom (Sb) (mol/t) 


1,372 






P/Ti (mol/mol) 




— 




p/M (mol/mol) 


1.41 






P/(Ti + M) (mol/mol) 






mm 


M/Ti (mol/mol) 








Order of addition 


tr — yWy^^oD 




K»e 


Intrinsic Viscosxty It[] (dl/g) 


U . /oZ 


f\ ICC 


0 . 756 


Color coordinates b 


0.8 


0.9 


1.2 


Acet aldehyde (AAo) (ppm) 


3.8 


3.4 


2.6 


Cyclic trimer (CTo) (wt%) 


0.40 


0.32 


0.32 


Stepped molded plate 








Cyclic trimer (CTs) (wt%) 


0.42 


0.45 


0.33 


CTs-CTo (wt%j 


0^02 


0.13 


£.pi_ 


Cri'stallizing temperature in (^C) 


182 


179 


1^3 


temperature lowering mode 








AAs (ppm) 


'""TtTo 


15.4 


14.4 


AAs-AAo (ppm) 


13.2 


12.0 


11.8 


l^^^T^^?^J^.^V^9y ?*s2:e ( % ) 


16.0 


6.2 


16.0 


Transparency visual 


C 


B 


C 


Bottle 








Color tone 


A 


A 


A 


Smell of aldehyde 


A 


A 


""a 


Staining of mold 


A 


C 


A 
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Table 1 (Continued) 



5 1 




Corno . 1 
ExamDle i 
4 1 


COITID 1 

Elxajtiole 1 
5 


] 


^etal atoms 








"titanium atom (Ti) (mol/t) 


1.086 1 


0.063 1 


10 


Phosphor us_ atom (P) (mol/t) 


0,549 1 


0.065 




"^Magnesium atom {Kg) (mol/t) 


2.180 






Germanium atom (Ge) (mol/t) 




.1. I 




Antimony atom (Sb) (mol/t) 


1 




1 


P/Ti (mol/mol) 


0.5 . 


1.0 1 


p/M (mol/mol) 


0.25 1 






P/ (Ti + M) (mol/mol) 


0.17 1 


J _| 




M/Ti (mol/mol) 


2 


1 




Order of addition 


Ti--^^3g->P 


P— *Ti 1 


20 


xnurxzisic viscooii-y^ IMJ \**i/y/ 


0,747 


0.766 1 




COxOr COOX Q^Ila L.c5 IJ 


'\ A 


D • JL 1 




lAcGtaxaenyae iaao; sppmj 


/ . D 


CI 1 
I D.J. 1 




cyclic tnmer ik^io/ iwc^j 


U • 0% 


U.JO 1 


25 










cycJLic tnnier ivp-as/ \wc«b; 




1 n A*J 1 

V • ^ / 1 




1 V.1S \«^XO \ wux 7 




1 nil 1 




temperature lowering mode 




r 1 

1 . X / a? 1 


30 


1 AAs (ppm) 


35.5 


1 28.5 ] 




1 AAs-AAo (ppm) 


28.0 


1 22 . 4 _J 




1 Transparency Haze (%) 


16,5 


1 "Tro 




1 Transparency visual 


C 


1 ^ 


35 


(Bottle 








Color tone 


C 


1 C 1 




Smell of aldehyde 


c 


1 ^ 




1 Staining of mold 


c 


1 'c 1 



40 



45 Examples 9 to 11 

[0113] The same procedure as defined in Example 1 was conducled except (or the allerations shown in Table 1 and 
adding (1) ethyl acid phosphate ethylene glycol solution, (2) magnesium acetate ethylene glycol solution and germa- 
nium dioxide ethylene glycol solution, and (3) tetra-n-butyltitanate ethylene glycol solution were successively added 

so at intervals of 5 minutes through a conduit attached to the reaction vessel to obtain melt polymerized polyester resins. 
[0114] The obtained melt polymerized polyester resin was transferred into a double-corn rotary type solid phase 
polymerization tank having a volume capacity of 1 0OL. The content in the tank was subject to a reducing pressure of 
1 .3x10^ Pa (absolute pressure) and thereafter returning to the atmospherk: pressure by introducing nitrogen gas (the 
oxygen content: 2 ppm). This operation was repeated three times and nitrogen gas substitution thereto was conducted. 

55 Again, the content in the tank was subject to a reducing pressure of 1 .3x 10^ Pa (absolute pressure, theoretical oxygen 
content: 2 ppb). The content was heated from the room temperature to 215^0 over a period of 18 hours while the tank 
was revolved at 30rpm to crystallize the resin. Subsequently, the solid phase polymerization was conducted under the 
reducing pressure of 1 .3X10^ Pa (absolute pressure) at 215^0. The properties and results of evaluation of the obtained 
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polyester resin are shown in Table 2. 

Table 2 



9 




Example 9 


Example 10 


Example 11 




Composition of starting material 


• 








Dicarboxyiic acid moiety TPA (moi%) 


100 


100 


100 




Diol moiety EG (mol%) 


977 


97.7 


97.7 


10 


DEG {mol%) 


2.3 ■ 


2.3 


2.3 




Metal atoms 










Titanium atom (Ti) (molA) 


0.021 


0.021 


0.021 


15 


Phosphorus atom (P) (mol/t) 


0.420 


1 0.420 


0.420 




Magnesium atom (Mg) (mol/t) 


0.740 


1.481 


0.740 




Gennanlum atom (Ge) (mol/t) 


0.207 


0.275 


0.207 




Antimony atom (Sb) (mol/t) 








20 


P/Ti (mol/mol) 


20.1 


20.1 


20.1 




P/M (mol/mol) 


0.57 


0.28 


0.57 




P/{Ti i M) (mol/mol) 


0.55 


0.28 


0.55 


AS 

2S 


WT\ (mol/mol) 


35 


71 


35 




Order of addition 


P"» (Mg+Ge) ->Ti 


P-^ (Mg+Ge) ->Ti 


P-> (Mg+Ge) ->Ti 




Percentage of remaining Ge atom (%) 


58 


61 


58 




Intrinsic viscosity [ti] (dl/g) 


0.757 


0.819 


0.757 


30 


Color coordinates b 


0.7 


1.6 


0.5 


■ 


Acetaldehyde (/VAo) (ppm) 


2.0 


1.5 


1.1 




Cyclic trimer (CTo) (wt%) 


0.35 


0.43 


0.35 




Stepped molded plate 










Cyclic trimer (CTs) (wt%) 


0.40 


0.50 


0.38 




CTs-CTo (wt%) 


0.05 


0,07 


0.03 




AAs (ppm) 


18.2 


20.6 


16.4 


40 


AAs-AAo (ppm) 


16.2 


19.1 


15.3 




Bottle 










Color tone 


A 


B 


A 


45 


Smell of aldehyde 


B 


B 


A 




Staining of mold 


6 


B 


A 



Claims 

50 

1. A polyester resin produced by polymerizing a dicarboxyiic acid component comprising mainly an aromatic dicar- 
boxyiic acid or its ester forming derivative, >nd a diol component comprising mainly ethylene glycol in the presence 
of a catalyst containing a titanium compound, which polyester resin contains titanium atoms (Ti) In an amount of 
0.002 to 1 .0 mole based on one ton of the polyester resin and has the following properties: 

55 

Intrinsic viscosity {lr\l dl/g) ^ 0.70 

Hunter's "b" value ^ 4 

Acetaldehyde content {fij^, ppm) < 5.0 
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2. A polyester resin according to Claim 1 , wherein a cyclic trimer content {CTq, wt%) in said resin is not more than 
0.60 wt%. 

3. A polyester resin according to Claim 1 , wherein the difference between the cyclic trimer content (CTg. wt7o) of the 
resin in the molded product after injection molding at 280*C and the cyclic trimer content {CTq. wt%) of the resin 
before injection molding (CTg - CTq) is not more than 0.10 wt%. 

4. A polyester resin according to Claim 3, wherein the crystallizing temperature in temperature lowering mode of the 
resin in the molded product after injection molding at 280**C is not higher than 1 80^C. 

5. A polyester resin according to Claim 1 , wherein the difference between the acetaldehyde content (AA^, ppm) of 
the resin in the molded product after injection molding at 280'*C and the acetaldehyde content (AAq, ppm) of the 
resin before injection molding (AA, - AAq) is not more than 20 ppm. 

'5 6. A polyester resin according to Claim 1 , said polyester resin containing 0.02 to 4 moles of phosphorus atoms based 
on one ton of the polyester resin, and also containing compounds of la-Group atom(s) except for hydrogen, I la- 
Group atom(s) and manganese atoms in a total amount of 0.04 to 5 moles based on one ton of the polyester resin. 

7. A polyester resin according lo Claim 1 , wherein the titanium atom content Ti (moles) and phosphorus atom content 
20 p (motes) based on one ton of the polyester resin, and the total content M (moles) of la-Group atom(s) except for 

hydrogen, lla-Group atom(s) and manganese atoms have the relations defined by the following formulae: 

P/riSl . 
1 s P/(Ti + M) > 0.1 
25 1 > p/M > 0 

8. A polyester resin according to Claim 1 , wherein the titanium atom content Ti (moles) based on one ton of the 
polyester resin and the total content M (moles) of la-Group atom(s) except for hydrogen. lla-Group atom(s) and 
manganese atoms have the relations defined by the following formulae: 



30 



2.5 ^ M/ri S 250 



9. A polyester resin according to Claim 1 , said polyester resin containing gemianium atoms in an amount of 0 to 0.4 
S5 moles based on one ton of the polyester resin. 

. 10. A polyester resin according to Claim 1, wherein not less than 95 mol% of the dicarboxylic acid component is 
terephthalic acid or 2,6-naphthalenedicarboxylic acid, and not less than 95 mol% of the diol component is ethylene 
glycol. 

.40 

11. A polyester resin according to Claim 1, said polyester resin being produced by esterifying a dicarboxylic acid 
component comprising mainly an aromatic dicarboxylic acid with a diol component comprising mainly ethylene 
glycol, and then polymerizing the esterified product in the presence of a titanium compound, a phosphoms com- 
pound and a compound of at least one metal selected from la-Group metals except for hydrogen, lla-Group metal 

45 compounds and manganese compounds. 

12. A polyester resin according to Claim 1 , which contains no antimony and cobalt atoms. 

13. A polyester hollow container molded by using a polyester resin set forth In any one of Claims 1 to 12. 

50 

14. A process for producing a polyester resin which comprises polymerizing a dicariaoxylic acid component comprising 
mainly an aromatic dicarboxylic acid and a diol component comprising mainly ethylene glycol In the presence of 
a catalyst containing (1 ) a titanium compound, (2) a phosphorus compound and (3) at least one compound selected 
from compounds of la-Group metals except for hydrogen, lla-Group metal compounds and manganese com- 

55 pounds, said compounds (1) to (3) being added to the reaction system in the order of (2), (3) and (1). 

15. The process according to Claim 14, wherein a germanium compound is additionally used as the catalyst, said 
compound being added at any pertinent stage after addition of the phosphorus compound (2). 
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16. The process according to Claim 14. wherein the polyester resin produced by potymeri7ation is brought intocontact 
with water or water vapor under heating. 

17. The process according to Claim 14, wherein the polymerization is carried out in the presence of a titanium com- 
5 pound of an amount that will make the titanium atom content 0.002 to 1 .0 mole based on one ton o1 the polyester 

resin yield. 

18. The process according to Claim 1 4, wherein the polymerization is carried out in the presence of (i) a phosphorus 
compound of an amount that will make the phosphorus atom content 0.02 to 4 moles based on one ton of the 

10 polyester resin yield, and (ii) a metal compound of an amount that will make the total content of the la-Group atom 

(s) except for hydrogen, lla-Group atom(s) and manganese atoms 0.04 to 5 moles. 

19. The process according to Claim 14, wherein (1) a titanium compound. (2) a phosphoais compound and<3) at least 
one compound selected from la-Group metal compounds except for hydrogen, lla-Group metal compounds and 

15 manganese compound are added so that the titanium atom content Ti (moles) and phosphorus atom content P 

(moles) based on one ton of the polyester resin yield, and the total content M (moles) of the la-Group atom(s) 
except for hydrogen, lla-Group atom(s) and manganese atoms will satisfy the relations of the following formulae: 

P/Ti s 1 

20 1 ^ p/(Ti + M) > 0.1 

1 S P/M > 0 

20. The process according to Claim 14, wherein the polymerization is carried out In the presence of a germanium 
compound of an amount which will make the germanium atom content 0 to 0.4 mole based on one ton of the 

25 polyester resin yield. 

21. The process according to Claims 14, wherein not less than 95 moI% of the dicariDoxylic acid moiety is terephthalk: 
acid or 2,6-naphthalenedk:arboxylk: acid, and not less than 95 mol% of the diol moiety is ethylene glycol. 

30 
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